UPLC-PDA–MS evaluation of bioactive compounds from leaves of Ilex paraguariensis with different growth conditions, treatments and ageing  by Dartora, Nessana et al.
Food Chemistry 129 (2011) 1453–1461Contents lists available at ScienceDirect
Food Chemistry
journal homepage: www.elsevier .com/locate / foodchemUPLC-PDA–MS evaluation of bioactive compounds from leaves of Ilex
paraguariensis with different growth conditions, treatments and ageing
Nessana Dartora a, Lauro M. de Souza a, Arquimedes P. Santana-Filho a, Marcello Iacomini a,
Alice T. Valduga b, Philip A.J. Gorin a, Guilherme L. Sassaki a,⇑
aDepartamento de Bioquímica e Biologia Molecular, Universidade Federal do Paraná, CP 19046, CEP 81531-980, Curitiba-PR, Brazil
bDepartamento de Ciências Biológicas, Universidade Regional Integrada do Alto Uruguai e das Missões – Campus de Erechim, Erechim-RS, Brazila r t i c l e i n f o
Article history:
Received 10 November 2010
Received in revised form 14 April 2011
Accepted 23 May 2011
Available online 27 May 2011
Keywords:
Ilex paraguariensis
UPLC–MS analysis
Phenols
Xanthines
Carbohydrates0308-8146  2011 Elsevier Ltd.
doi:10.1016/j.foodchem.2011.05.112
Abbreviations: ANOVA, one-way analysis of varian
ionisation; BHT, n-butyl hydroxytoluene; DPPH, 1,1
ELSD, evaporative light scattering; ESIM-MS, electro
trometry; EtOAc, ethyl acetate; EtOH, ethanol; HCO2
acid; HPTLC, high performance thin layer chroma
MSHIN, mature leaves of shade; MSHOX, mature leav
mature leaves of shade processed; MSUIN, mature lea
mature leaves of sun oxidised; MSUPR, mature leaves
propanol; PCA, principal component analysis; PDA,
PET, ethanol precipitate; Rt, retention time; TEA,
performance liquid chromatography; YSHIN, young
YSHOX, young leaves of shade oxidised; YSHPR, youn
YSUIN, young leaves of sun in natura; YSUOX, young le
young leaves of sun processed.
⇑ Corresponding author. Tel.: +55 41 3361 1577; fa
E-mail address: sassaki@ufpr.br (G.L. Sassaki).
Open access under the Ela b s t r a c t
Teas from Maté have been widely consumed for centuries in Brazil, Argentina, Paraguay, and Uruguay.
We now determine how age, growth conditions and post-harvesting processes of leaves from Ilex paragu-
ariensis affect the concentration of bioactive compounds and their antioxidant capacity. Phenolics, xanth-
ines, and carbohydrates were identiﬁed and quantiﬁed by electrospray ionisation mass spectrometry
(ESI-MS) and ultra performance liquid chromatography (UPLC), which dramatically reduces the time
for each analysis (<3 min). On average, sun-exposed (monoculture) leaf extracts exhibited higher levels
of bioactive compounds as compared to shaded (forest grown) ones. PCA (principal component analysis)
analysis of all the samples indicated that those obtained after blanching and drying contained more
phenolics and a smaller concentration of xanthine than those in natura. The oxidised leaves had lower
concentrations of phenolics, and consequently a decline in antioxidant activity. No differences were
found based on the leaf age.
 2011 Elsevier Ltd. Open access under the Elsevier OA license. 1. Introduction
Ilex paraguariensis is an important native plant from Argentina,
Paraguay, Uruguay and southern Brazil. It is commonly referred as
‘‘Erva Mate’’ (‘‘Yerba Mate’’ or ‘‘Maté’’ outside Brazil) and its leaves
are traditionally consumed as infusion (called locally as ‘‘chi-
marrão’’) after blanching (‘‘sapeco’’) and milling. Hot and cold
industrial teas are also prepared from its leaves (Grigioni, Carduza,
Irurueta, & Pensel, 2004). Maté is widely consumed in southern La-
tin America, but it has recently gained attention in other countries,ce; API, atmospheric pressure
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sevier OA license. being exported to Europe, USA, Japan and other (Carducci, Dabas, &
Muse, 2000; Heck & Mejia, 2007).
In the early years of commercialisation, Maté leaves were ob-
tained exclusively from native-growing trees. This method is now
replaced by monoculture cultivation or by introduction of an I. par-
aguariensis plantation into the native forest. Considering the inﬂu-
ence of sunlight capture in both environments, it is believed that
those from shaded crops have a ‘‘milder taste’’ compared with
those exposed directly to the sun, therefore rendering a higher
market price (Da Croce, 2002).
Similar to other plants, Maté has been considered as a func-
tional food, due to the amount of bioactive compounds, mainly
polyphenols (chlorogenic acids); alkaloids (caffeine and theobro-
mine); ﬂavonoids (rutin and luteolin); and saponins (Matesapo-
nins). Many of these are associated with antioxidant activity, but
others properties, such as anticarcinogenic, antiallergic, diuretic,
hypocholesterolaemic and vasorelaxation, have also been reported
(Alikaridis, 1987; Gugliucci, 1996; Kikatani, Watanabe, & Shibuya,
1993; Kraemer et al., 1996; Meyer, Heinonen, & Frankel, 1998).
The type of leaf processing can modify the composition of the
infusion (Bottcher, Güenther, & Kabelitz, 2003). The ‘‘chimarrão’’
is obtained by a blanching process, using high temperatures
(180–240 C, 5 min) in order to inactivate enzymes and improve
the taste. This process could lead to alterations in the chemical
constituents, promoting rearrangements, oxidation or reduction
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1994). Evaluation of these alterations can be accompanied using
high performance liquid chromatography, but analysis could easily
exceed 30 min (Carini, Facino, Aldini, Calloni, & Colombo, 1998;
Pagliosa et al., 2010). With the improved speed technology of li-
quid chromatography (UHPLC – ultra high performance liquid
chromatography), analysis of many plant extracts have been per-
formed in less than 5 min (Novakova, Spacil, Seifrtova, Opletalb,
& Solicha, 2010; Ortega et al., 2010; Spacil, Novakova, & Solich,
2010), thus being an interesting choice for analysis of Maté
constituents.
The Camellia sinensis teas are the most popular beverages
worldwide but different from Maté. C. sinensis is prepared via oxi-
dative processes, to give green (non-oxidated), white, oolong, and
black teas. The latter is prepared after intensive oxidation, promot-
ing alteration in the ﬂavour and taste, which is very appreciable by
consumers (Muthumani & Kumar, 2007; Obanda, Owuor, &
Mangoka, 2001). The oxidation process is not yet used for Maté
leaves, but could be an alternative for the preparation of beverages
resembling black tea. However, since the oxidation and ‘‘sapeco’’
processes, as well as the age of leaves and growth conditions can
alter its chemical constituents, we therefore carried out a compre-
hensive study on biomolecules from I. paraguariensis. The objective
was to compare the carbohydrates, xanthines and phenolics at two
growth stages, two different sunlight conditions and two process-
ing methods. The analytical methods employed were ultra perfor-
mance liquid chromatography (UPLC) and electrospray ionisation
mass spectrometry (ESI-MS). The data obtained were processed
by principal component analysis (PCA).
2. Materials and methods
2.1. Chemicals
Standards of chlorogenic acid, theobromine, caffeine, rutin,
fructose, glucose and sucrose were purchased from Sigma–Aldrich
(MO, USA). HPLC-grade solvents, acetonitrile, acetic acid and tri-
ethylamine were acquired from Tedia. Water was Milli-Q (Milli-
pore, USA). General solvents were from Merck.
2.2. Plant material
Young (1 month) and mature (6 month) leaves from I. paragu-
ariensis were collected randomly from two areas: from a disturbed
forest enriched with Maté plants, and from a homogeneous group
of cultivars, exposed to sunlight (monoculture), with geographical
coordinates 273701500 south, 522204700 west at 765 m altitude
(Barão de Cotegipe, State of Grande do Sul). Harvesting was in
the winter month, July 2009.
The leaves were grouped in four clusters: mature sun-exposed
and shade-submitted leaves, young sun-exposed and shade-sub-
mitted leaves. These were kept without processing (in natura), or
subjected to blanching/drying (as with ‘‘chimarrão’’) or oxidation
(as with black tea), yielding 12 samples (Supplementary Table 1).
2.3. Processing of Maté (‘‘chimarrão’’ type)
Freshly harvested leaves were dried in an oven with air circula-
tion at 30 C for 24 h. Thereafter, they were exposed to ﬂame (‘‘sap-
eco’’) at 180 C for 5 min (residual moisture  15%) and, then, dried
at 65 C for 90 min (moisture  5%).
2.4. Oxidation
The leaves were submitted to dehydration for 2 h using an oven
with air circulation at 30 C, and manually rolled at roomtemperature (25 C) for 5 min. The leaves were then transferred
to aluminium trays and submitted to experimental conditions
(26 C and 80% relative humidity) for 3 h. Thereafter, they were
dried at 70 C for 120 min.
2.5. Extraction of biomolecules from I. paraguariensis
The leaves were ground and a portion of 100 g of each was sub-
mitted to aqueous extraction (100 C, 500 ml, x3). The extracts
were combined and evaporated to a small volume. High molecular
weight components were precipitated by addition to cold EtOH (x3
v/v), and separated by centrifugation (8.000 rpm at 4 C, 20 min).
Ethanol-soluble fractions were concentrated under reduced pres-
sure, and were then freeze-dried and stored in freezer.
2.6. Analyses
2.6.1. High performance thin layer chromatography (HPTLC)
Monosaccharides and oligosaccharides were analysed using
HPTLC, performed with silica gel 60G plates (Merck, Darmstadt,
Germany). The samples were prepared in water at 2 mg/ml, with
5 ll being applied to the plate, which was developed with EtOA-
c:H2O:HOAc:HCOOH (9:2.3:1:1). The carbohydrates were stained
by orcinol–H2SO4 at 100 C (Sassaki, Souza, Cipriani, & Iacomini,
2008).
2.6.2. Electrospray ionisation mass spectrometry (ESI-MS)
Samples (100 lg/ml) in MeOH–H2O (1:1, v/v) containing LiCl
5 mM, were submitted to positive and negative atmospheric pres-
sure ionisation (API), recorded in a triple quadrupole, Quattro LC
(Waters), with nitrogen as nebuliser and desolvation gas. Ofﬂine
analyses were performed by direct injection of the samples into
the ESI-MS source, aided by a syringe-infusion pump at a ﬂow rate
of 10 ll/min. Second stage tandem-MS proﬁles were obtained by
collision induced dissociation-mass spectrometry (CID-MS), using
argon as collision gas.
2.6.3. Ultra performance liquid chromatography (UPLC)
UPLC was used for quantiﬁcation of carbohydrates, xanthines
and phenolics. Calibration curves (R2 > 0.989) were prepared with
standards of caffeine and theobromine (k 270 nm), chlorogenic
acid (k 325 nm) and rutin (k 255 nm), each at 50, 100, 200, and
250 lg/ml; fructose, glucose and sucrose at 100, 250, 500, 750
and 1000 lg/ml. Chromatography was carried out with an Acqui-
ty-UPLC™ system (Waters, MA, USA), composed by a binary pump,
sample manager, and column oven. Detection was provided by
evaporative light scattering detector (ELSD), photodiode array
detectors (PDA) and, the online analyses, by ESI-MS. The samples
were held at room temperature (22 C) and column oven at 35 C.
Analysis of xanthines and phenolics was performed by reversed
phase (RP) chromatography, using BEH C18 column (Waters) with
50  2.1 mm i.d. and 1.7 lm of particle size. The mobile phase con-
sisted of H2O (solvent A) and acetonitrile (solvent B), both contain-
ing 1% HOAc (v/v). Two linear gradient systems were developed at
a ﬂow rate of 300 ll/min: 1st – solvent B 0–40% 8 min, held for
2 min more, then backing to the initial condition (100% A) in
10.2 min and re-equilibrated for 3 min. 2nd – solvent B 5–40% in
3 min, backing to initial condition (5% B) in 3.2 min, and held for
3 min more to re-equilibrate. The samples (1 mg/ml), in triplicate,
were prepared in MeOH–H2O, with 1 ll being injected. Detection
was with PDA (210–400 nm) and ESI-MS.
The analysis of carbohydrates was developed on normal phase,
using the BEH Amide column Waters, with 50  2.1 mm i.d., and
1.7 lm of particle size. The solvent was acetonitrile (solvent A)
and water (solvent B), both with 0.2% (v/v) of triethylamine
(TEA). The linear gradient was: solvent B from 5% to 50% in
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held for more 3 min (equilibrating). The samples, in triplicate, were
prepared at 2 mg/ml in MeOH–H2O (1:1, v/v), and 10 ll were in-
jected. Detection was provided by ELSD.
2.6.4. DPPH radical-scavenging activity
The free radical-scavenging activities of extracts were measured
using 1,1-diphenyl-2-picryl-hydrazyl (DPPH) (Blois, 2002). 10 ll
of each extract at concentrations of 25, 50, 100 and 200 lg/ml were
added to 190 ll of DPPH solution (0.1 mM). The mixture was vig-
orously shaken and the absorbance was measured at 515 nm using
a plate reader (Tecan Inﬁnite M200) every minute for over 1 h. The
capability to scavenge the DPPH radical was calculated using:
DPPH scavenging effect ð%Þ ¼ ½ðA0  A1=A0Þ  100, where A0 was
the absorbance of the control reaction and A1 the absorbance in
the presence of the sample. The extract concentration providing
50% inhibition (EC50) was calculated from the graph of DPPH scav-
enging effect against the extract concentration. BHT (n-butylated
hydroxytoluene) was used as control standard.
2.6.5. b-Carotene–linoleic acid assay (lipid peroxidation inhibition
assay)
The antioxidant activity of extracts was determined using the b-
carotene–linoleate model system (Shon, Kim, & Sung, 2003).
Firstly, a b-carotene solution was prepared by adding 2 mg in
10 ml of CHCl3. From this, 2 ml were pipetted into a 100 ml
round-bottomed ﬂask. After chloroform being removed under vac-
uum, linoleic acid (40 mg), Tween 40 (400 mg) and aerated dis-
tilled water (100 ml) were added, and this solution was
vigorously stirred. Aliquots (172.8 ll) were added to the extract
(10 ll) at different concentrations (25, 50, 100, 200 lg/ml). BHT
was used for comparison. The zero time absorbance was measured
at 470 nm using a plate reader (Tecan Inﬁnite M200). The plates
were placed at 50 C in an oven for 2 h and the absorbance was
then measured again. A blank, devoid of b-carotene, was prepared
for background subtraction. The antioxidant activity (AA) was cal-
culated using: AA = [(b-carotene content after 2 h of assay/initial b-
carotene content)  100].
2.7. Statistical and multivariate analysis
Statistical methods were provided by software R. v. 2.11
(Chemometrics) using standard procedures. PCA was used to as-
sess the effect of 12 variables on nine bioactive compounds, such
as growth location (plantation or forest), age of leaves (young or
mature) and after harvest treatment (in natura, processed or oxi-
dised). These variables were considered to be reasonable criteria
that would likely have an inﬂuence on the growth of the plant
and thus possibly affect the level of different compounds. The input
data consisted of integrated areas obtained from the chromato-
grams, which were collected as ASCII ﬁles from UPLC analysis.
In terms of antioxidant activity, all analyses were performed in
triplicate. The data are expressed as means ± standard deviations
and one-way analysis of variance (ANOVA). A Tukey test was car-
ried out to assess for any signiﬁcant differences between the
means. Differences between means at the 5% (p < 0.05) level were
considered signiﬁcant.3. Results and discussion
3.1. Identiﬁcation and characterisation of bioactive compounds
The components of extracts from different leaf samples were
qualitatively similar, as shown by full scan negative-ion MS (Sup-
plementary Fig. 1A-C). The main compounds were detected asdeprotonated ions [M–H]: caffeic acid (m/z 179), quinic acid
(m/z 191), caffeoyl glucose or dicaffeic acid (m/z 341), caffeoylqui-
nic (chlorogenic) acids (m/z 353), feruloylquinic acids (m/z 367),
dicaffeoylquinic acid (m/z 515), luteolin diglycoside or kaempferol
diglycoside (m/z 593) and rutin (m/z 609). Monosaccharides and
disaccharides appeared as chlorine adducts [M + Cl], at m/z 215–
217 (hexoses) and 377–379 (hexoses dimer). Ofﬂine ESI-MS did
not differentiate caffeoylquinic acids (neo-chlorogenic, chlorogenic
and crypto-chlorogenic) and dicaffeoyquinic acids (3,4-O-dica-
ffeoylquinic acid, 4,5-O-dicaffeoylquinic acid and 3,5-O-dicaffeoyl-
quinic acid) which were present in the samples (Supplementary
Fig. 2).
Although the samples were qualitatively similar, MS showed
some differences in the relative abundance of each compound,
mainly depending on the process to which leaves were submitted.
In the three leaf types (in natura, ‘‘chimarrão’’ and oxidised), the
intensitypatternsof ionsatm/z191,215, 353, 371and377were sub-
stantially different. An increase in the intensity of those at m/z 191
and 371 occurred, and was accompanied by a decrease of that at
m/z 353, mainly for the oxidised sample. The ion at m/z 371 was
not identiﬁed, however in tandem-MS, it gave rise to a fragment at
m/z 191, consistent with quinic acid. Although its substituent was
not known, it has 18 m.u. larger thanm/z353, and couldwell be ahy-
drated product of chlorogenic acids, such as 3-OH-30,40-diOH-phen-
ylpropionic acid–quinic acid. Similarly, the ion at m/z 533 was
18 m.u. larger than dicaffeoylquinic acids, atm/z 515.
Positive ESI-MS was performed using lithiated adducts [M + Li]+,
since this showed better ionisation and fragmentation results for
neutral compounds, such as carbohydrates and glycosides (Levery,
2005). The samples were also similar, but the main differences
were found in the relative intensities of the ions from carbohy-
drates, particularly a decreasing in the ion at m/z 349 with a con-
comitant increase of that with m/z 187 for the oxidised leaves
(Fig. 1A–C). These ions were attributed to glucose/fructose (m/z
187) and sucrose (m/z 349), which were also identiﬁed by HPTLC,
conﬁrming the reduction in the sucrose levels for all oxidised
leaves (Fig. 1D).
The methylxanthines were poorly ionised with Li+, thus only a
low abundant ion atm/z 201 was consistent with caffeine [M + Li]+.
Theobromine (another common xanthine found in Maté), could
not be identiﬁed, since it has the samemolecular weight of hexoses
(nominalmass of 180 Da), which would give rise to same ion, atm/z
187 [M + Li]+. However, the carbohydrateswere better ionised by al-
kali cations than xanthines. Therefore, theobromine, as well as its
isobars (Glc and Fru)were further conﬁrmed using UPLC-PDA-ELSD.
Flavonoid glycosides were observed as low intensity ions,
mainly rutin at m/z 617 [M + Li]+. The ion at m/z 601 [M + Li]+
was not assigned, since at least two ﬂavonoid glycosides isomers
are reported in Maté, namely luteolin or kaempferol-diglycoside
(Carini et al., 1998; Bravo, Goya, & Lecumberri, 2007). Other ﬂavo-
noid glycosides were found (Supplementary Table 2). They were
conﬁrmed with their fragmentation behaviour in CID-MS, which
was similar to previous reported (Souza et al., 2008, 2009).
Some saponins have been reported in Maté, and so, they are
named matesaponins (Gosmann & Guillaume, 1995). These were
also found in all our leaf extracts as Li+ adducts, as matesaponin
1 (m/z 919), matesaponin 2 (m/z 1065), matesaponin 3 (m/z
1081), matesaponin 4 (m/z 1228), and matesaponin 5 (m/z 1390)
(Fig. 1A–C). These structures were conﬁrmed via tandem-MS, and
the fragment-ions are described on Supplementary Table 2.
3.2. Online UPLC-PAD-ESI-MS identiﬁcation of bioactive compounds
The mass spectra obtained in the ofﬂine mode did not distin-
guish between many prominent isomeric constituents, mainly
chlorogenic acids and dicaffeoylquinic acids (Supplementary
Fig. 1. Positive ofﬂine ESI-MS of YSUIN (A), YSUPR (B), YSUOX (C) and HPTLC (D): (1) fructose, (2) glucose, (3) YSUIN, (4) YSHIN, (5) MSUIN, (6) MSHIN, (7) YSUPR, (8)YSHPR,
(9) MSUPR, (10) MSHPR, (11) YSUOX, (12) YSHOX, (13) MSUOX, (14) MSHOX, (15) sucrose.
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important differences in their negative fragmentation behaviour,
obtained by CID-MS of the individual compounds. Here, it was ob-
served that these compounds readily gave rise to in-source frag-
ments in online (UPLC-MS) analysis, and the fragmentation
pathway was similar to that previously described (Carini et al.,
1998), allowing their accurate identiﬁcation.
Online analysis was ﬁrstly developed using the 1st gradient
system. The main negative ions obtained from the chlorogenic acid
series, with energies of 75 V (cone) and 2.5 kV (capillary), were
m/z 353 [M–H], m/z 191 (quinic acid), m/z 179 (caffeic acid) and
m/z 173 (attributed to dehydrated quinic acid). The ratios of these
ions (m/z 353:191:179:173) were different for each isomer (Fig. 2),
which could be identiﬁed as follows: peak 3 (Rt 3.32) – neo-chlor-
ogenic acid ions ratio of 1:0.69:0.51:0, peak 8 (Rt 4.04) – chlorogen-
ic acid, ratio of 1:2.27:0:0 and peak 12 (Rt 4.28) –
crypto-chlorogenic acid, ratio of 1:0.16:0.39:0.43.
Dicaffeoylquinic acids also gave rise to in-source fragmentation,
yielding ions atm/z 515, 353, 191, 179 and 173. The isomeric struc-
tures could be inferred on the basis of their RP-chromatography
elution proﬁles (Bravo et al., 2007), as well as the ratio of ions at
m/z 515 and 353. Peak 18 (Rt 6.55) was identiﬁed as 3,4-dicaffeoyl-
quinic acid, and produced no in-source fragment-ions (m/z 515
only). Peak 19 (Rt 6.66) was 3,5-dicaffeoylquinic acid, with a peak
ratio of 1:0.97 and peak 22 (Rt 7.11) was 4,5-dicaffeoylquinic acid,
with a ratio of 1:0.18.
Flavonol glycosides were also observed with this negative on-
line analysis, being rutin (Rt 5.94, m/z 609), quercetin-hexoside
(Rt 6.11, m/z 463) and kaempferol (or luteolin) diglycoside (Rt
6.47,m/z 593). The latter had an elution coefﬁcient lower than that
reported for luteolin-diglycoside, which was eluted after dica-
ffeoylquinic acids (Carini et al., 1998) but, even so, the ion at m/z
593 could not be conﬁrmed. Other minor peaks appeared only after
extracting the reference ions from the chromatogram, they are de-
scribed on Table 1.
3.3. Optimisation of UPLC-PAD analysis for quantiﬁcation of xanthines
and phenolics
Several bioactive compounds were identiﬁed on the basis of off-
line and online MS spectra and some of these could be quantiﬁedusing authentic standards, namely theobromine, caffeine, chloro-
genic acid and rutin. neo- and crypto-chlorogenic acid were quan-
tiﬁed based on chlorogenic acid.
Regarding the concentration of compounds (mg/g of leaves),
theobromine ranged from 1.63 (YSHIN) to 4.61 mg/g (YSUOX)
and caffeine from 4.68 (YSHIN) to 18.90 mg/g (YSUOX). Both young
and mature leaves grown in the sun had the highest concentration
of caffeine and theobromine when compared to those grown in the
shadow (Fig. 3 and Table 2). It is known that growing conditions
play an important role in the production of phytochemicals and
that an excess of ultraviolet (UV) radiation can increase the pro-
duction of compounds designed to protect the plant (Meyer
et al., 2006). There was a relative decrease in the concentration
of both methylxanthines in the leaves subjected to blanching/dry-
ing and an increase in the concentration in the oxidised ones
(Table 2). The inﬂuence of industrial processing on the chemical
composition has been reported, related to the loss of caffeine dur-
ing the blanching and drying processes (Esmelindro, Toniazzo,
Waczuk, Dariva, & Oliveira, 2002). The greatest loss of caffeine
(20%) would occur during the drying process (Schmalko &
Alzamora, 2001; Isolabella et al., 2010).
The three isomers of chlorogenic acids had different amounts
after all the treatments. That of neo-chlorogenic acid ranged from
3.16 (YSHOX) to 11.82 mg/g (MSUPR), chlorogenic acid from 3.03
(YSHOX) to 14.42 mg/g (MSUPR), and crypto-chlorogenic acid from
3.12 (YSHOX) to 16.95 mg/g (MSUPR). Neither free caffeic nor feru-
lic acids were found, and the most abundant ﬂavonoid glycoside
found was rutin, ranging from 1.21 (MSHIN) to 5.73 mg/g (MSHPR)
(Table 2).
Overall, the leaves from trees grown in the plantation had the
highest level of nearly all the polyphenols. Several phenolic com-
pounds are produced by plants as a response to environmental
stimuli, generally protecting them from environmental factors,
such as stress, pests, and sun (Meyer et al., 2006). Plantations ex-
posed to the sun produced higher levels of these compounds as
compared with those grown in a protected environment under
the shaded forest canopy (Heck, Schmalko, & Mejia, 2008). When
exposed directly to the sun, they are exposed to a much greater
concentration of UV radiation. The absorbed light produces energy,
instead, other higher energetic electromagnetic waves may gener-
ate free radicals and induce cellular damage. To protect itself, the
Fig. 2. (A) UPLC–MS chromatogram in total ion current (TIC). Mass spectra from peak 3 (B); peak 8 (C); peak 12 (D); peak 18 (E); peak 19 (F) and peak 22 (G).
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Table 1
Online UPLC-PDA–MS in negative ion detection.
Peak Rt (min) kmax (nm) [M–H] ⁄Identiﬁed component aReference
1 1.05 191 Quinic acid Bravo et al. (2007)
2 2.97 272 n.d. Theobromine Standard
3 3.32 325–296 353 neo-Chlorogenic acid Bravo et al. (2007); Carini et al. (1998)
4 3.47 325–296 341 Dicaffeic acid Bravo et al. (2007)
5 3.64 325–296 341 Dicaffeic acid Bravo et al. (2007)
6 3.87 314 337 Coumaroylquinic acid Bravo et al. (2007)
7 3.79 325–296 341 Dicaffeic acid Bravo et al. (2007)
8 4.04 325–296 353 Chlorogenic acid Standard
9 4.17 273 n.d. Caffeine Standard
10 4.11 325–296 367 Feruloyquinic acid Bravo et al. (2007)
11 4.23 325–296 367 Feruloyquinic acid Bravo et al. (2007); Carini et al. (1998)
12 4.28 325–296 353 crypto-Chlorogenic acid Carini et al. (1998)
13 5.19 325–296 367 Feruloyquinic acid Carini et al. (1998)
14 5.91 354–255 609 Rutin Standard
15 6.11 344–266 463 Quecetin-hexoside Souza et al. (2008, 2009)
16 6.32 344–266 433 Quercetin-pentoside Souza et al. (2008, 2009)
17 6.47 344–266 593 Kaempferol/luteolin-diglycoside Bravo et al. (2007); Carini et al. (1998)
18 6.55 325–296 515 3,4-Dicaffeoylquinic acid Bravo et al. (2007); Carini et al. (1998)
19 6.66 325–296 515 3,5-Dicaffeoylquinic acid Bravo et al. (2007); Carini et al. (1998)
20 6.68 344–266 447 Quercetin-rhamnoside Souza et al. (2008, 2009)
21 6.96 325–296 529 Caffeoylferuloylquinic acid Bravo et al. (2007)
22 7.11 325–296 515 4,5-Dicaffeoylquinic acid Bravo et al. (2007); Carini et al. (1998)
23 7.30 325–296 529 Caffeoylferuloylquinic acid Bravo et al. (2007)
24 7.55 325–296 529 Caffeoylferuloylquinic acid Bravo et al. (2007)
25 7.81 325–296 559 Caffeoylsinpylquinic acid Bravo et al. (2007)
26 7.91 325–296 529 Caffeoylferuloylquinic acid Bravo et al. (2007)
27 8.00 325–296 529 Caffeoylferuloylquinic acid Bravo et al. (2007)
n.d. – not detected.
a Tentatively identiﬁcation based on mass spectra, chromatographic proﬁles and previous reports.
Fig. 3. UPLC-PDA of fractions. YSUIN (A), YSHIN (B), MSUIN (C), MSHIN (D), YSUPR (E), YSHPR (F), MSUPR (G), MSHPR (H), YSUOX (I), YSHOX (J), MSUOX (K) and MSHOX (L).
1458 N. Dartora et al. / Food Chemistry 129 (2011) 1453–1461plant produces antioxidants. Therefore, when exposed directly to
the sun it contains a greater level of chlorogenic acids.
It was also observed that the oxidised leaves showed a decrease
in the concentration of phenolic compounds compared with fresh
leaves (Fig. 3, Table 2). During the oxidation process, phenolic com-
pounds are oxidised and can polymerise. This occurs due to the
presence of polyphenol oxidase and peroxidase, which are re-
ported in the leaves of Maté (Muthumani & Kumar, 2007; Obanda
et al., 2001).3.4. Quantiﬁcation of carbohydrates
Fructose, glucose and sucrose were identiﬁed and quantiﬁed.
Fructose concentrations ranged from 6.39 (YSHPR) to 48.19 mg/g
(MSHOX), glucose from 5.23 (MSHPR) to 67.48 mg/g (MSUOX)
and sucrose from 1.94 (YSHOX) to 37.79 mg/g (YSHPR) (Fig. 1D,
Table 2). The oxidised leaves had higher concentrations of fructose
and glucose whereas that of sucrose was lower. Processed leaves
had a higher concentration of sucrose when compared with those
Ta
bl
e
2
Co
nc
en
tr
at
io
n
of
xa
nt
hi
ne
s,
ph
en
ol
ic
s
an
d
ca
rb
oh
yd
ra
te
s
in
le
av
es
of
Ile
x
pa
ra
gu
ar
ie
ns
is
.
C
om
po
ne
n
t,
re
te
n
ti
on
ti
m
e
Sa
m
pl
e
(m
g/
gb
)
Y
SU
IN
c
Y
SH
IN
c
M
SU
IN
c
M
SH
IN
c
Y
SU
PR
Y
SH
PR
M
SU
PR
M
SH
PR
Y
SU
O
X
Y
SH
O
X
M
SU
O
X
M
SH
O
X
Th
eo
br
om
in
e
(1
.0
5
m
in
)
1.
90
±
0.
24
1.
63
±
0.
46
2.
55
±
0.
65
2.
21
±
0.
48
3.
36
±
0.
96
2.
59
±
0.
64
4.
60
±
0.
25
3.
15
±
0.
38
4.
51
±
0.
27
2.
68
±
0.
21
4.
34
±
0.
22
4.
00
±
0.
44
C
af
fe
in
e
(1
.5
9
m
in
)
6.
30
±
0.
98
4.
68
±
0.
42
10
.7
1
±
1.
23
9.
20
±
0.
56
11
.1
1
±
0.
67
9.
48
±
0.
72
13
.8
5
±
0.
67
12
.3
5
±
0.
91
18
.9
0
±
0.
47
13
.7
7
±
0.
22
14
.9
3
±
0.
54
18
.3
6
±
0.
72
C
h
lo
ro
ge
n
ic
ac
id
(1
.4
7
m
in
)
5.
05
±
0.
78
3.
53
±
0.
23
6.
32
±
0.
32
4.
36
±
1.
34
12
.3
3
±
0.
22
8.
42
±
0.
21
14
.4
2
±
0.
53
10
.6
5
±
0.
38
5.
84
±
0.
46
3.
03
±
0.
31
5.
09
±
0.
38
5.
73
±
0.
19
ne
o-
ch
lo
ro
ge
n
ic
ac
id
(1
.1
8
m
in
)
5.
15
±
0,
44
3.
81
±
1.
07
6.
53
±
0.
45
5.
20
±
0.
32
11
.4
4
±
0.
49
9.
34
±
0.
24
15
.1
6
±
0.
29
11
.8
2
±
0.
76
6.
23
±
0.
38
3.
16
±
0.
28
5.
71
±
0.
28
6.
31
±
0.
31
cr
yp
to
-c
h
lo
ro
ge
n
ic
ac
id
(1
.5
2
m
in
)
5.
02
±
0.
38
4.
06
±
0.
65
6.
71
±
0.
56
5.
82
±
0.
21
12
.5
4
±
0.
36
11
.6
4
±
0.
36
16
.9
5
±
0.
24
13
.7
8
±
0.
25
5.
43
±
0.
49
3.
12
±
1.
00
5.
22
±
0.
43
6.
08
±
0.
37
R
u
ti
n
(2
.1
0
m
in
)
1.
54
±
0.
87
2.
37
±
0.
67
2.
93
±
0.
37
1.
21
±
0.
26
2.
91
±
0.
27
3.
42
±
0.
82
5.
73
±
0.
32
2.
96
±
0.
18
2.
51
±
0.
77
1.
66
±
0.
19
3.
52
±
0.
45
4.
05
±
0.
58
Fr
u
ct
os
e
(2
.5
9
m
in
)a
8.
89
±
0.
26
9.
36
±
1.
24
8.
67
±
0.
87
14
.3
6
±
0.
76
10
.0
1
±
0.
29
6.
39
±
1.
01
12
.4
7
±
1.
19
5.
87
±
1.
03
34
.3
1
±
0.
87
27
.6
4
±
0.
08
43
.1
7
±
0.
72
48
.1
9
±
0.
39
G
lu
co
se
(2
.8
6
m
in
)
a
15
.1
5
±
0.
32
15
.9
8
±
0.
97
14
.9
9
±
0.
44
21
.2
2
±
0.
48
11
.8
3
±
0.
33
5.
23
±
0.
38
11
.8
1
±
0.
22
5.
65
±
0.
16
51
.2
4
±
0.
76
39
.9
0
±
0.
26
67
.4
8
±
1.
04
58
.6
6
±
0.
21
Su
cr
os
e
(3
.2
0
m
in
)
a
4.
38
±
0.
45
11
.5
3
±
0.
53
8.
60
±
0.
32
6.
69
±
0.
92
22
.4
9
±
0.
61
34
.7
7
±
0.
39
37
.7
9
±
0.
47
26
.9
9
±
0.
52
3.
90
±
0.
29
1.
94
±
0.
38
3.
56
±
0.
61
4.
53
±
0.
16
P
(c
ar
bo
h
yd
ra
te
s)
28
.4
2
±
0.
32
36
.8
7
±
0.
43
32
.2
6
±
0.
15
42
.2
6
±
0.
14
44
.3
3
±
0.
44
46
.3
9
±
1.
12
62
.0
7
±
0.
82
38
.5
2
±
0.
64
89
.4
5
±
0.
37
69
.4
8
±
0.
17
11
4.
21
±
0.
77
11
1.
39
±
0.
61
a
C
ar
bo
h
yd
ra
te
s
w
er
e
qu
an
ti
ﬁ
ed
se
pa
ra
te
ly
fr
om
ph
en
ol
ic
s
an
d
xa
n
th
in
es
.
b
Th
e
yi
el
ds
ar
e
pr
es
en
te
d
as
m
g/
g
of
le
av
es
.T
h
e
cr
u
de
ex
tr
ac
t
yi
el
ds
ar
e
pr
es
en
te
d
in
th
e
Su
pp
le
m
en
ta
ry
Ta
bl
e
1.
c
In
na
tu
ra
le
av
es
co
n
ta
in
53
.0
0%
±
1.
97
m
oi
st
u
re
.
N. Dartora et al. / Food Chemistry 129 (2011) 1453–1461 1459of fructose and glucose. Although the oxidised leaves had the low-
est level of sucrose, the sum of these carbohydrates (i.e.
P
Fru, Glc
and Suc) was the highest (Table 2). This phenomenon cannot read-
ily be explained, but on 13C, 1H and 2D NMR examination of poly-
saccharides from ethanol precipitation, the signals of glucose
disappeared in the spectra of the oxidised leaves (data not shown).
This could be a result of the degradation of structural or storage
polysaccharides.3.5. PCA analysis
Three PC’s were sufﬁcient to describe 87.6% of the variance,
whereas the independent variables: growth location, age of leaves
and processing, had signiﬁcant effects on the data.
The level of signiﬁcance that a PC had on a variable can be noted
via the loading plots in Supplementary Fig. 3(A and B), which
showed the load that each set of data places on the PC. PC1 corre-
sponds to the processing type (in natura, processed or oxidised),
and these variables explained 75.8% of the variance among the
samples, indicating that this processing type has a great effect on
all compounds. The variable growing location, represented as PC2
(vertical axis) explains 16% of the variance, in which it was possible
to observe that the leaves of sun- and shade-exposed were clus-
tered in different places in this PC axis (Supplementary Fig. 3A).
PC1 was plotted against PC3 (Supplementary Fig. 3B), with cor-
responds to leaf age and explained 5.8% of the variance. Thus, leaf
age had little inﬂuence on the variation of data.
The data of the PCA analysis successfully explain the variance
between the samples and one can associate the PC1, PC2 and PC3
with the variables between the 12 studied samples. The variables
that contribute to the variability of the data followed the order:
processing type > location growing > leaf age.3.6. Antioxidant capacity
3.6.1. DPPH radical-scavenging activity
The DPPH free radical-scavenging activities of Ilex extracts are
shown in Table 3. For each treatment, four concentrations (in lg/
ml) were tested. The overall scavenging effect of each extract in-
creased with concentration to a similar extent. No signiﬁcant dif-
ferences of activity were found between leaf age and growth site,
but only with the process method. By comparing the treatments,
the free radical-scavenging activity followed the order: pro-
cessed > in natura > oxidised leaves. Since this activity is directly
related to the concentration of phenolics, the result is in accor-
dance with the phenolic composition of processed leaves.
In order to quantify the antioxidant activity, the EC50 was calcu-
lated and is shown in Table 3. The lower the EC50 value, the greater
was the free radical-scavenging activity. EC values of the DPPH rad-
ical-scavenging activity ranged from 158 to 1439 lg/ml. Deladino,
Anbinder, Navarro, and Martino (2008) found EC50 to be 0.72 ± 0.09
for liquid extract and 1.05 ± 0.25 for freeze-dried Maté extract. The
standard BTH gave rise to a scavenging effect of 92% at a concentra-
tion of 200 lg/ml, with the EC50 at 37.8 lg/ml.3.6.2. b-Carotene–linoleic acid assay
The antioxidant activity data of the Ilex extracts showed that the
absorbance decreased rapidly in the samples without antioxidant,
whereas in the presence of an antioxidant the colour was retained
for a longer time. BHT, the positive control used in this test, had
92% antioxidant activity at 200 lg/ml. The LPO inhibition by Ilex
extracts increased with concentration and as with the DPPH, the
processed leaves had a greater antioxidant activity (69%) (Table 3).
Table 3
DPPH scavenging activity and EC50 values and antioxidant activity (%) in the b-carotene–linoleate system of Ilex paraguariensis extracts.
Treatment DPPH radical-scavenging activity (%) EC50 (mg extract/mL) Antioxidant activity (%)
25 lg/mL 50 lg/mL 100 lg/mL 200 lg/mL 25 lg/mL 50 lg/mL 100 lg/mL 200 lg/mL
YSUIN 17.14 ± 0.60a 20.81 ± 0.32a 31.12 ± 2.49a 43.75 ± 2.12a 238.86 ± 0.16a 28.98 ± 3.91a 33.13 ± 1.34a 31.24 ± 0.57a 42.37 ± 1.09a
YSHIN 17.66 ± 1.26a 22.68 ± 1.29a 23.19 ± 2.70b 32.20 ± 2.46b 383.25 ± 0.25b 25.35 ± 2.73a 28.34 ± 0.68a 35.35 ± 1.03a 40.14 ± 1.40a
MSUIN 22.04 ± 2.40a 22.64 ± 0.38a 29.27 ± 1.43a 41.00 ± 3.21a 294.80 ± 0.09a 32.54 ± 3.25b 40.14 ± 0.62b 44.24 ± 1.15b 46.65 ± 0.74b
MSHIN 18.50 ± 1.76a 24.11 ± 0.91a 33.09 ± 2.71a 44.44 ± 1.43a 221.57 ± 0.28a 23.63 ± 1.10a 27.36 ± 0.70c 35.35 ± 1.00a 47.35 ± 0.66b
YSUPR 19.39 ± 1.76a 23.78 ± 0.91a 33.11 ± 2.71a 44.14 ± 1.43a 254.83 ± 0.12a 37.56 ± 2.04b 42.35 ± 0.77b 50.26 ± 0.56c 55.35 ± 1.46c
YSHPR 23.93 ± 3.93b 25.09 ± 0.23b 39.23 ± 0.50c 60.32 ± 0.32c 173.22 ± 0.35c 35.71 ± 1.98b 47.34 ± 2.11b 52.35 ± 1.54c 66.34 ± 1.56d
MSUPR 18.54 ± 1.93a 24.05 ± 1.27a 36.73 ± 0.31c 51.18 ± 1.64c 178.78 ± 0.12c 38.98 ± 0.92b 48.37 ± 0.70b 55.34 ± 1.46c 59.46 ± 0.94c
MSHPR 21.27 ± 1.15a 27.94 ± 1.55b 36.81 ± 1.01c 61.04 ± 1.23c 158.40 ± 0.25c 41.29 ± 1.63d 44.23 ± 0.72b 55.36 ± 1.51c 69.35 ± 0.57d
YSUOX 21.81 ± 0.85a 21.44 ± 1.24a 24.49 ± 1.46b 34.75 ± 0.75b 366.75 ± 0.42b 23.47 ± 0.31a 24.13 ± 0.68c 28.34 ± 1.03d 33.25 ± 1.09e
YSHOX 18.38 ± 1.98a 19.23 ± 0.56c 24.35 ± 0.61b 24.74 ± 0.89d 736.50 ± 0.16d 22.56 ± 1.30c 23.16 ± 1.26c 27.84 ± 1.42d 29.13 ± 0.94f
MSUOX 17.63 ± 0.55a 24.09 ± 0.74a 26.94 ± 1.13b 34.76 ± 0.45b 375.25 ± 0.07b 25.35 ± 0.50a 29.42 ± 1.82a 29.75 ± 2.80d 35.27 ± 2.57e
MSHOX 20.49 ± 1.10a 19.18 ± 2.45c 22.38 ± 0.50b 29.04 ± 0.70d 1439.00 ± 0.32e 25.88 ± 0.67a 24.39 ± 0.89c 26.34 ± 1.21d 30.24 ± 0.92f
BHT 37.18 ± 0.73c 56.16 ± 2.47d 83.88 ± 0.73d 91.91 ± 0.71e 37.86 ± 0.21f 42.60 ± 2.01d 54.35 ± 1.41d 75.35 ± 1.52e 92.38 ± 3.05g
a,b,c,d,e,f,g Values represent the averages ± standard deviations. Different letters in the same line indicate signiﬁcant difference (p < 0.05).
1460 N. Dartora et al. / Food Chemistry 129 (2011) 1453–14614. Conclusions
Several investigations on Maté compounds were carried out
previously using HPLC. In this study, using UPLC the analysis time
was reduced and the separation of compounds from Maté could be
within 3 min, whereas in the traditional systems, the same analysis
could take more than 35 min.
Comparative analysis of all samples indicated that the leaves
grown in the sun had a greater content of biologically active prin-
ciples (caffeoyl derivatives, caffeine, theobromine and rutin) when
compared with those grown in the shade. The processing that the
leaves were subjected to after harvesting had a critical inﬂuence on
bioactive compound composition. Processed leaves for ‘‘chi-
marrão’’ showed a decrease in the concentration of xanthines
while the oxidised ones had a lower concentration of phenolics
when compared with green leaves (in natura), which promoted a
decrease in the antioxidant potential of the oxidised leaves.
However, if on the one hand the leaves subjected to blanching
and drying (‘‘chimarrão’’ type) contained more phenolic com-
pounds and consequently a more intense antioxidant activity, on
the other hand the oxidised leaves contained greater concentra-
tions of carbohydrates, such as fructose and glucose, which may
soften the ﬂavour of the beverage. Thus, the present results provide
a guideline for obtaining leaves from Maté enriched in biologically
active components, which could be applied+ to the pharmaceuti-
cal, food and cosmetic industries.Acknowledgements
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